The impact of heavy metals on macrobenthic invertebrates in five stations along the River Nile at Great Cairo (from Helwan to El-Qanater El-Khiria) was studied during the period from May, 2013 to February, 2014. Physico-chemical characteristics and heavy metals (iron, manganese, zinc, copper and cadmium) were analyzed in water. The highest average number (2305 org./m 2 ) of macrobenthic invertebrates was recorded during spring, while the lowest (642 org./m 2 ) was recorded during summer. Annelida, Mollusca and Arthropoda were the most dominant groups being 62 %, 34 % and 4 % respectively. Twenty two species and taxa were recorded; Mollusca (13 species) and Annelida (7 species) Arthropoda (2 species).
INTRODUCTION
The River Nile is considered as one of the longest rivers in the world; it runs about 6,650 km through nine countries from Burundi to Egypt. The last 1,600 km of this journey goes through Egypt. The main part of water resources come from the Blue Nile in Ethiopia and the rest from the White Nile in Uganda (El Gohary, 1994) . The River Nile is the artery of Egypt, as it provides more than 96% of the municipal, industrial and irrigation requirements of Egypt (Abdel-Satar, 2005) .
Freshwater benthic macro-invertebrates include representatives of many oligochaetes, insects, crustaceans, gastropods and bivalves (Trop and Covich, 2001; Merritt et al., 2008) . They contribute in many important ecological functions, such as decomposition, nutrient recycling, as well as an important role in aquatic food webs as both consumers and prey (Covich et al., 1999; Vanni, 2002; Moore, 2006) . Macrobenthos are commonly used as bioindicators because they are typically less mobile than fish; therefore, they provide a more localized assessment of their response to stream conditions (Barbour et al., 1999) . In addition, they provide a more accurate understanding of changing in aquatic conditions than chemical and microbiological data, which at least give short-term fluctuations (Ravera, 1998 (Ravera, & 2000 . The use of benthic macro-invertebrates as environmental indicators is based on their ability to integrate changes in physical, chemical and ecological characteristics of their habitats over time and space (Milbrink, 1983) . Odiete (1999) stated that the most popular biological method in assessment of freshwater bodies receiving domestic and industrial wastewaters is the use of macrobentic invertebtes. Moreover, the Water Framework Directive (WFD, 2006) demands the establishment of biomonitoring programmes for European aquatic ecosystems and includes macroinvertebrates as one of the biological elements to be monitored.
The present work aims to study the effect of some pollutants, especially heavy metals on the community composition, spatial distribution and seasonal variations of macrobenthic fauna with reference to some physico-chemical parameters in five stations along the River Nile at Great Cairo.
MATERIALS AND METHODS

A-Studied Area
The studied area in the River Nile was started from Helwan (Industrial area), ElHawamdiya (Sugar factory), Rod El-Farage (Tourism activity), Shobra (Front of Electrical power Station) and El-Qanater El-Khiria (Front of water purification Station). The selected stations were showed in Table ( Rod El-Farage 30° 5'27 " N 31°14'1"E 15m 4 Shobra 30° 7'29"N 31°14'4" E 7m 5
El-Qanater El-Khiria 30°11'1"N 31° 8'20 "E 5m 
B-Collection and analysis of samples
Water and samples were collected-seasonally-from the selected stations in the River Nile during the period from May, 2013 to February, 2014 . Some parameters were measured in the field (water temperature, pH, electrical conductivity and total solids) using multi-probe portable meter (Model CRISON-Spain.) and water transparency using secchi disc. All the chemical parameters and heavy metals were determined according to (APHA, 2005) .
The bottom fauna was collected by the Ekman Grab bottom sampler. After collection the bottom fauna was washed thoroughly in a small hand net of bolting silk (0.5 mm mesh size) and picked in and preserved immediately in 10 % neutral formalin solution in polyethylene jars. In the laboratory, samples were washed again. However, each species was counted separately. The bottom fauna was identified and sorted into groups and species according to Edmondson (1966 ), Brown, (1994 & 2001 and Bishai, et al. (2000) .
C-Statistical analysis
Statistical analyses of Correlation coefficient (r value), p value, Principal component analysis (PCA) to correlate physico-chemical parameters, heavy metal in water, heavy metal in Sediment with the dominant macrobenthic invertebrates species and groups was carried out by XL STAT program, 2015.
RESULTS AND DISCUSSION
Physico-chemical parameters in water
Water temperature recorded its highest reading during summer (32.7°C) and the lowest during winter (18.5°C). The highest reading of transparency was recorded at El-Qanater El-Khiria Station during Autumn (120 cm) this might be due to settlement of sediment while the lowest reading was recorded at Helwan Station during summer and Winter (50 cm in June) which might be due to evaporation of water, which causes concentration of dissolved solids and increasing of temperature and production of plankton. Similar observations were recorded by Parveen & Mola (2013) . The lowest values of pH (7.86 and 7.89) were recorded At El-Hawamdiya and Helwan station during summer. The relative decrease of pH values in these stations might be due to the effect of inflowing industrial wastewater and the highest value of pH (8.92) was recorded at Helwan during winter (Table 2) . factory which consuming the DO during the oxidation processes. Also, this might be attributed to the input of industrial wastes, as biochemical decomposition of organic matter leads to increasing ammonia and sulphids production during mineralization of organic matter which lead to enormous oxygen depletion. Similar observations were given by Emam (2006) . The highest value of DO (9.6 mg/l) was recorded at Helwan during spring. This may be due to the abundance of phytoplankton which enriched water with oxygen during photosynthesis activity (Mola & Parveen, 2014) . The highest value of Chemical oxygen demand (COD) was recorded at El-Hawamdiya during spring (22.3 mg/l) this might be due to the effect of inflowing organic wastewater from El-Hawamdiya factory. The highest value of Electrical Conductivity (EC) was recorded at El-Qanater El-Khiria Station during winter (538 µmhohs/cm). This may attributed to the effect of Discharged washable water from El-Qanater Water Station. Bicarbonate concentrations observed its highest values during summer due to the effect of evaporation. The higher EC values were result from the concentration of soluble salts cations and anions (Ahmed, 2007) and the presence of inorganic wastes which contain high amount of organic and inorganic compounds (Gallab, 2000) .
Heavy metals in water
Bioactive metals play an important role in metabolism, thus in physiology and pathology of fish. Metals like Zn, Cu, or Mn function as a cofactor in several enzyme systems (Bury et al., 2003) while Fe is directly involved with haemoglobin formation in fish blood. However, when in excessively high concentrations, these bioactive metals may pose serious threats to normal metabolic processes.
Five elements of heavy metals (iron, manganese, zinc, copper and cadmium) in water were analyzed during the present study (Table 3) . Iron is the most abundant transition element, and probably the most well-known metal in biologic systems . The highest concentration of Iron was observed at ElQanatir El-Khiria (600 µgm/l) during winter and Shoubra during autumn (578 µgm/l). This may be due to the effect of discharged water from El-Qanater purification water and Shoubra Electrical Station.
Manganese is an essential trace element for microorganisms, plants and animals (CCREM, 1987) and can be bio concentrated up to 4 orders of magnitude, possibly to facilitate essential uses. It is present in natural waters in suspended form (similar to iron) although soluble forms may persist at low pH or low DO. Manganese, although it is an important trace element, it also sometimes exhibits toxicity (Burger and Gochfeld, 1995) . Mn is a relatively non-toxic metal element and this is reflected by the absence of Mn in many toxicological assessments and by the lack of the relevant quality standards in China (Li and Thornton, 2001) . The highest values of manganese were observed at El-Hawamdia during summer (190.4 µgm/l) and Helwan during spring (168.6 µgm/l) while it decreased sharply and reached to the lowest (12.6 µgm/l) at Shobra. This may be due to the effect of drainage water from Helwan Steel Company and El-Hawamdia Company.
Zinc is one of the most abundant essential trace elements in the human body. It is a constituent of all cells, and several enzymes depend upon it as a cofactor . The highest values of zinc were observed at Shoubra during summer (134.2 µgm/l), autumn (120.8 µgm/l) and Helwan during autumn (128.6 µgm/l). Although, these 3 values higher than the permissible limits but all the other study, zinc recorded low values not increase over the permissible level (110 µgm/l). Similar observations stated by Haggag, et al. (1999) which recorded that the average concentration of zinc in water samples obtained from the River Nile at different locations were varied from 43 µgm/l and 1123 µgm/l. Cadmium recorded its maximum value (7.4 µgm/l) at El-Qanatir El-Khiria during winter. It is not recorded at the most studied stations during summer, autumn and winter. This might be due to it very low concentrations and under the instrument detection limit.
Copper is one of the more abundant transition metals and it can be acutely toxic to freshwater fish in high concentrations. Although but its compounds are used in fish culture and fisheries as algaecides (Svobodova et al., 1993) . The highest value of copper was observed at El-Hawamdia (13.8 µgm/l) during summer (µgm/l). This may be due to excessive use of Cu-based agrochemicals in the discharged water from ElHawamdia Company. All copper values during study not exceeded than the safe limit. The permissible level of copper in water is 1 ppm according to WHO (1984) and USEPA (1986a). Chen et al. (1985) and Boyd, (1990) suggested a level of < 25 µg/l for no known adverse effects on aquaculture fish, while Post (1987) suggested < 14 µg/l for fish hatcheries. 
Macrobenthic Invertebrates
The maximum Average number (2305 Org./m 2 ) of macrobenthic invertebrates was recorded during spring while the lowest number (642 Org./m 2 ) was recorded at ad during summer ( Figures 2&3) . Annelida, Mollusca and Arthropoda were the most dominant groups in the lake during the study being 62 % (2515 Org./m 2 ), 34 % (1365 Org./m 2 ) and 4 % (158 Org./m 2 ) respectively. Abdelsalam and Tanida (2013) reported that the oligochets especially which affiliate to family Naididae are truly cosmopolitan and widely distributed among different habitats.
Twenty two species and taxa were recorded during the study. Mollusca (13 species) and Annelida (7 species) was recorded the highest number of species while phylum Arthropoda (2 species) was observed the lowest. The highest seasonal average number of Annelida was observed during spring (6085 org./m 2 ) while the lowest was observed during summer (625 org./m 2 ). Mollusca recorded its highest average number during winter (2665 Org./m 2 ) while the lowest was observed during spring (625 org./m 2 ). This may be due to increasing of Melanoides turberculata which recorded the highest average (2515 Org./m 2 ) and the lowest average (325 org./m 2 ) during the same seasons and formed 76.04 % of the total Mollusca (Table 4 ). The present study is agreed with Bendary (2013) and particularly agreed with Zaki (2008) who reported that the snail population was high in autumn and low in spring. Limnodrilus spp. formed the most dominant species being 84.85% of the total Annelida with average of 2134 Org./m 2 . The predominance of oligochaetes especially Limnodrilus spp. in water is possibly due to their ability to adapt to various habitats and to their tolerance to low oxygen content in anoxic conditions of the bottom sediment (Mola and Abdel Gawad 2014) . Branchiura sowerbyi, Limnodrilus hoffmeisteri, and L. udekemianus considered the most dominant annelid species being 121, 96 and 148 org./m 2 respectively. Although L. udekemianus was recorded in four seasons, it is not considered as tolerant species; the variation of temperature was not determining factor for their distribution (Nassif, 2012) . The present data was not coincided with Wisa (2012) who mentioned that B. sowerbyi was completely disappeared in many stations of River Nile.
The lowest average number of Arthropoda was recorded during summer (20 Org./m 2 ) while the highest one was observed during autumn (365 org./m 2 ). It was represented by Chironomus larvae and larva of Crptochironomus being 4 and 154 org./m 2 respectively. The disappearing of Chironomus larvae might attributed to high water temperature which leads to rapid metamorphosis from larval to pupal stages that in turn produces adult forms within a short duration. In contrast, the decrease during cold seasons of the year (autumn and winter) may inhibit or reduce the rate of development of by decreasing their metabolic activities (Bendary, 2013) . El-Enany (2004) founded that chironomus larvae showed a positive correlation with heavy metals in water and sediment and can be used as indicator for organic pollution. 
Statistical analysis
Heavy metals and macrobenthic invertebrates
Principal component analysis (PCA) was conducted also between heavy metals and macrobenthic invertebrates and showed that the highest positive correlation between Arthropoda with iron and zinc being 0.36 and 0.46 respectively ( Figure 5 ). The dominant arthropds (chironomus larvae) showed as a good indicator for pollution (Sharma et al., 2015) . In vice versa, Iron recorded a negative correlation with mollusca and annelid (0.25). The most dominant annelid Limnodrilus spp. showed a positive correlation with Cadmium (0.34) and negative and weak correlation with all the other heavy metals (iron, manganese, copper and zinc). This observation agreed with Klerks and Bartholomew (1991) which reported that the oligochaete Limnodrilus spp. from the metal-polluted resistance to a combination of cadmium.
So, we can conclude that, the dominate of the oligochaets Limnodrilus spp. and the mollusks Melanoides tuberculata during all seasons indicates that these species can adapt with the difficult ecological conditions and can tolerate the high concentrations of organic matters and heavy metals especially at Helwan and ElHawamdiya.
